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ABSTRACT 

Objectives: Our aim was to study the possible 
associations between exposure to elevated levels of air 
pollution, ozone (0 3 ) and vehicle exhaust (N0 X ), during 
early gestation, and adverse pregnancy outcomes such 
as pre-eclampsia, preterm birth and small for 
gestational age. 

Design: Prospective register-based cohort study. 
Setting: The Swedish Medical Birth Register includes 
data on all deliveries during 1998 to 2006 in Greater 
Stockholm, Sweden. The national Patient Register and 
the Prescribed Drug Register were used to collect 
information on maternal asthma. 
Participants: All singleton pregnancies, conceived at 
the earliest in August 1997 and at the latest in February 
2006, were included, n=120 755. 
Outcome measures: We studied preterm birth, small 
for gestational age and pre-eclampsia. 
Results: 4.4% of pregnancies resulted in a preterm 
birth. The prevalence of pre-eclampsia was 2.7%. We 
observed an association between first trimester 0 3 and 
preterm birth (OR 1.04, 95% CI 1.01 to 1.08) as well 
as an association with pre-eclampsia (OR 1.04, 95% CI 
1.01 to 1.08), per 10 ug/m 3 increase in 0 3 . We 
observed no association between first trimester NO x 
and adverse pregnancy outcomes. No associations 
were observed between any of the air pollutants and 
small for gestational age. 

Conclusions: Increased levels of 0 3 during the first 
trimester increased the risk of pre-eclampsia and 
preterm birth. Air pollutants did not exhibit any effects 
on fetal growth restriction. We estimated 1 in every 20 
cases of pre-eclampsia to be associated with 0 3 
exposure. 
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INTRODUCTION 

Preterm birth, defined as being born before 
37 weeks of gestation, is an important pre- 
dictor of morbidity and educational perform 
ance throughout childhood and adult life. 
An emerging body of evidence indicates that 
there is an association between temporal var- 
iations in air pollution levels and preterm 
birth. 4-15 Positive associations have been 
reported for exposure to high levels of air 



ARTICLE SUMMARY 



Article focus 

■ Does early gestation air pollution exposure, in 
particular ozone (0 3 ), affect the risk of adverse 
birth outcomes (ie, pre-eclampsia, preterm birth 
and small for gestational age)? 

Key messages 

■ This large European study adds to the evidence 
that preterm birth may be caused by 0 3 expos- 
ure, and that the effect may be greater among 
asthmatic mothers. 

■ This is one of the first studies to show an asso- 
ciation between 0 3 and pre-eclampsia. 

■ Health impact assessment of 0 3 exposure 
should include also effects on pregnancy 
outcomes. 

Strengths and limitations of this study 

■ Temporal fluctuations in air pollution exposure 
are unlikely correlated to individual level risk 
factors, however still accounted for in order to 
improve the model performance. 

■ This study uses valid estimates of temporal vari- 
ation in 0 3 exposure, adjusts for seasonality, but 
does not take into account any spatial variation 
in the traffic pollutants. 



pollution during early 4 8 10-13 15 and late ges- 
tation. 5-7 9-12 14 15 A study from Stockholm 
in Sweden on temporal variation adjusted for 
season showed a positive association between 
exposure to higher ground level ozone (O3) 
levels during the first trimester and an 
increased incidence of preterm birth. 16 
A recent study from Scania in Sweden 
reported a negative association between 
modelled nitrogen oxide (NO x ) levels and 
preterm birth when studying spatial variation 
(using 500x500 m grids) . No evidence for an 
association with fetal growth was shown, but 
the study did not investigate the effect of 

1 7 

O3. Most recent European studies on air 
pollution and pregnancy outcomes were 
small and focused on within-city variations in 
traffic-generated pollution. 18 19 
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The descriptor 'small for gestational age' (SGA) 
includes genetically small infants and intrauterine 
growth-restricted infants. There is no international con- 
sensus on the definition of SGA, and the most common 
ones either include infants who weigh less than the 10th 
percentile at a specified gestational age 20 21 or infants 
weighing less than 2 SDs below the mean of the popula- 
tion at a specified gestational age. Intrauterine growth 
restriction can be defined as a failure to reach the genet- 
ically predetermined optimal growth potential and is a 
more clinically relevant evaluation in relation to SGA. 
Pre-eclampsia, pregnancy-induced hypertension, smoking 
and placental insufficiency are risk factors for SGA. 22 23 
A study from Valencia in Spain on the association 
between spatiotemporal variations in vehicle exhaust 
emissions and SGA reported an increased risk of SGA 
when the mother had been exposed to elevated levels of 
vehicle exhaust (NO2). 24 A study from New Jersey 
reported a positive association between the first and third 
trimester levels of air pollution particles smaller than 
2.5 (im (PM2.5) and SGA, using PM 2 .5 values from the 
closest monitoring station. 25 

Pre-eclampsia is a potentially devastating, pregnancy- 
related, multisystem disorder that complicates 3-8% of 
pregnancies in Western countries and resolves at delivery 
of the placenta. 23 26 Pre-eclampsia is characterised by 
hypertension and proteinuria resulting from abnormal 
placentation, but is most likely a heterogeneous collec- 
tion of disease entities that share some common fea- 
tures. 2 Prominent risk factors for the development of 
pre-eclampsia are nulliparity, previous chronic hyperten- 
sion, kidney disease, diabetes mellitus, obesity, twin preg- 
nancy, molar pregnancy and congenital fetal 
abnormalities. 23 Few factors are known to counteract pre- 
eclampsia; however, smoking has been shown to decrease 
the risk. 28 It is estimated that pre-eclampsia accounts for 
around 15% of preterm births. 27 A few studies have 
reported an association between spatial air pollution vari- 
ation and pre-eclampsia. Thus, a study from Southern 
California reported that traffic-related air pollution was 
positively associated with pre-eclampsia, 29 and a Dutch 
study showed a positive association between such pollu- 
tion and pregnancy-induced hypertension. 30 

A recent meta-analysis indicated that pregnant women 
with asthma are at a significantly increased risk of a range of 
adverse perinatal outcomes, including low birth weight, 
SGA preterm delivery and pre-eclampsia. 31 Several poten- 
tial mechanisms are plausible. Poor control of asthma might 
increase the risk of preterm delivery and pre-eclampsia via 
maternal hypoxia, thereby hampering fetal oxygenation, or 
might involve the release of inflammatory mediators from 
the mother. Air pollution exposure might also lead to an 
inflammatory response, 32 and trophoblastic invasion during 
formation of the placenta might be disrupted by proinflam- 
matory cytokines. 13 33 This can also lead to pre-eclampsia, 
an important predictor of preterm birth. 34 

Most studies on preterm birth have been conducted in 
cities where the ambient air pollution levels are often very 



high. Therefore, our main aim was to study the possible 
associations between exposure to O3 and traffic-related air 
pollutants during early gestation and the pregnancy out- 
comes of preterm birth, SGA and pre-eclampsia in 
Stockholm, a city with relatively clean air. NO x was chosen 
as a proxy for vehicle exhaust, and O3 was chosen because 
it is a reactive gas known to cause inflammation and has 
large-scale temporal fluctuations. We focused on exposure 
to air pollutants during the first trimester because first tri- 
mester O3 was associated with preterm birth in the previous 
Stockholm study 16 and since oxidative stress may lead to 
pre-eclampsia, we also wanted to study this outcome in rela- 
tion to O3. Furthermore, we explored whether pregnant 
women with asthma were more likely to give birth preterm 
when exposed to higher air pollution levels during early 
gestation, compared with the rest of the population. 



MATERIALS AND METHODS 
Register data 

Data on all deliveries in the Greater Stockholm area 
during 1998 through 2006 were extracted from the 
Swedish Medical Birth Register (n=134 802). The 
Swedish Medical Birth Register includes information on 
maternal age and height, weight, family situation, 
tobacco use, country of origin and medical diagnoses. 
Data on children include sex, height, length, APGAR 
score and medical diagnoses. Data on parity (number of 
previous children), gestational age and mode of delivery 
(including caesarean section) are also available. In the 
final dataset, we included all singleton pregnancies con- 
ceived at the earliest in August 1997 and at the latest in 
February 2006 and who were delivered at any of the five 
hospitals in the Greater Stockholm area (n=120 755). 
The first trimester was defined as the first 12 weeks of 
gestation. From the patient register, we extracted data 
on all mothers with inpatient care for bronchial asthma 
from 1990 to 2010 and outpatient care from 2001 to 
2010. We extracted data on asthma medication from July 
2005 to December 2011 from the Swedish Prescribed 
Drug Register. 

Gestational age was estimated mainly by dating using 
ultrasound examinations, or by calculating gestational 
age in relation to the mother's last recalled menstrual 
period. Preterm birth was defined as the neonate being 
born prior to gestational week 37. SGA was defined as 
having a birth weight below the 10th percentile for each 
gestational age in days. We constructed a pre-eclampsia 
variable including pregnancy-induced hypertension and 
eclampsia, using the International Classification of 
Diseases V.10 (ICD-10) and including the diagnoses 
Oil, 013, 014 and 015. The mother was defined as 
having asthma if she had ever had a hospital visit caused 
by bronchial asthma or if she had been prescribed medi- 
cation for it (Anatomical Therapeutic Chemical, ATC 
medication codes R03AC, R03AK, R03BA, R03BC, 
R03CC and R03DC). The body mass index (BMI) was 
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calculated as the weight (kg) divided by the height 
squared (m 2 ). 

Exposure data 

Data on O3 and NO x , as indicators of traffic pollution, 
were provided by the City of Stockholm Environment 
and Health Administration. O3 data from two monitor- 
ing stations were used. Measurements from three differ- 
ent monitoring stations, all at roof level, were used for 
NO x . Measurements of ozone were based on its absorp- 
tion of ultraviolet light (UV Absorption Ozone Analyzer, 
model 42M; Environnement SA, Poissy France). NO x 
was measured using a chemiluminescence-based instru- 
ment (AC 30M, Environnement SA). All measurements 
were done at background monitoring stations. 
Measurements from three monitoring stations were used 
to obtain data on ambient temperature (in °C) and rela- 
tive humidity (%). For NO x and the meteorological vari- 
ables, daily mean values were calculated for each 
monitoring station if no more than 25% of the observa- 
tions were missing. For O3, daily 8 h maxima were used. 
In cases of missing daily values at any monitoring 
station, a new value was imputed from the other moni- 
toring station using linear regression. If there were 
missing data for more than one monitoring station, no 
imputation was performed. Daily city-wide levels were 
then calculated using all monitoring stations. Mean pol- 
lution levels and average levels for the meteorological 
variables were calculated for the first trimester of gesta- 
tion for each pregnancy if fewer than 20 days of daily 
averages were missing during the period. In all, 5124 
(4.2%) of the study subjects were not assigned any rela- 
tive humidity exposure. 

Statistical analysis 

Logistic regression was used to quantify adjusted and 
unadjusted associations between the air pollution levels 
and pregnancy outcomes. To adjust for potential con- 
founding, we adjusted for season of conception as a 
smooth cyclic function, year of conception as a smooth 
function, first trimester average temperature and relative 
humidity as linear predictors; 95% CI were used to evalu- 
ate the uncertainty of the estimated associations. The 
attributable fraction was estimated by multiplying the 
exposure prevalence among cases, p, with the OR-1 
divided by the OR p (OR-1) /OR. Being exposed was 
defined as having an air pollution level higher than the 
25th percentile, meaning that the OR in the formula was 
the OR for an increase from the 25th percentile to the 
average air pollution exposure above the 25th percentile. 

To improve the performance of the models, we 
adjusted for maternal asthma, maternal age, current 
maternal smoking at registration in antenatal care, mater- 
nal education, BMI at registration in antenatal care, 
family situation, area of origin, sex of the child and parity. 
Maternal age was adjusted for as a smooth function. 
Maternal smoking was used as a three-level factor vari- 
able: non-smoker, moderate smoker (1-9 cigarettes/day) 



and heavy smoker (>10 cigarettes/day). BMI in kg/m 2 
was used as a factor with levels according to the standard 
limits defined by the WHO: underweight (<18.5), normal 
weight (>18.5 and <25), overweight (>25 and <30) and 
obese (>30) . Family situation was a three-level factor vari- 
able: cohabiting with the father, living alone and any 
other family situation. The factor levels for region of 
origin were: Africa, Asia and Oceania, Central and South 
America, Europe, Middle East, North America and the 
Nordic countries. The level of education was a five-level 
factor; pre-upper secondary school (9 years), upper sec- 
ondary school (2 years), post-upper secondary school 
(<3 years), postsecondary school (3 years) and postgradu- 
ate education. Parity was a four-level factor: 1, 2, 3 and 4 
or more children. Maternal asthma was assumed to be a 
dichotomous variable. 

Each model was developed in six steps. First trimester 
O3 or NO x were the only variables in the initial 
unadjusted model. In the second step (model 2), we 
added maternal age, parity, index pregnancy resulting in 
the studied outcome, level of education, area of origin, 
maternal asthma and season of conception. The next 
step in model 3 was to add the year of conception. Next, 
we added the mean first trimester NO x or O3 to generate 
model 4. In model 5, we added the average first trimester 
temperature and the average first trimester relative 
humidity to the model. The final step in model 6 was to 
add maternal smoking status, family situation and BMI at 
first antenatal care visit to the model. These data were 
added at the last step because they suffered from non- 
random missing values. This analysis was performed on 
the total material and on a subset of data where all elect- 
ive caesarean sections were excluded. To assess whether 
mothers with asthma were extra-sensitive to O3 exposure 
during the first trimester of pregnancy with regard to 
preterm birth, we added an interaction term for asthma 
and O3 in each step in the modelling procedure outiined 
above. All statistical analysis was performed in R statistical 
software V.2.13.0. 

Ethics approval was granted by the Regional Ethical 
Review Board in Umea. 



RESULTS 

The median duration of gestation was 40 weeks and 
1 day. The proportion of preterm deliveries was 4.4% 
during the study period. This varied slightiy, depending 
on the origin of the mother, with the lowest proportion 
being found among mothers from Europe (3.7%) and 
the highest among mothers born in Asia, excluding the 
Middle East (5.6%) (see online supplementary table SI). 
The proportion of preterm deliveries varied during the 
study period with the highest prevalence in 1999 (4.9%), 
a lower prevalence in 2000-2004 and a higher prevalence 
towards the end of the study period. The time trend for 
pre-eclampsia was similar but with a smaller variation. 
The overall prevalence of pre-eclampsia was 2.7%. 
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The proportion of study subjects with missing data on 
smoking, maternal BMI and family situation varied during 
the study period, with the highest proportion of missing 
data in 1997, 1999 and 2003-2006. For all years except 
one, the excluded subjects had a first trimester mean O3 
deviating 1.5% or less from the included subjects. 

The O3 levels varied strongly with season, with the 
highest first trimester average recorded in pregnancies 
with conception dates during February-April, and the 
lowest in pregnancies with conception dates during 
September-November. The O3 levels were lower in the 
beginning of the study period and higher towards the 
end, with peaks in 1999 and 2002. The NO x levels varied 
slightly with season, with the highest being recorded in 
pregnancies with conception dates during August- 
October. The overall NO x level decreased throughout 
the study period. O3 and NO x were negatively corre- 
lated, r=— 0.48. The correlation between O3 and tem- 
perature was 0.38, and the correlation between O3 and 
relative humidity was —0.86. The correlation between 
NO x and temperature was —0.29, and the correlation 
between NO x and relative humidity was 0.37. 

Higher levels of the first trimester O3 were associated 
with higher odds of the offspring being born preterm. 
The OR for being born preterm was 1.03 (95% CI 1.01 to 
1.06) per 10 ug/m 3 increase in O3 in the unadjusted 
model (table 1). The estimated OR changed slightly 
when adjusting for maternal age, parity, level of educa- 
tion, area of origin, maternal asthma and season of con- 
ception: OR 1.04 (95% CI 1.01 to 1.07) per 10 (ig/m 3 
increase. The estimate did not change when adjusting for 
the year of conception: OR 1.04 (95% CI 1.01 to 1.08) 
per 10(ig/m 3 increase in O3. Adding the first trimester 
NO x to this model did not alter the estimated OR of 
experiencing a preterm birth. When the first trimester 
temperature and relative humidity were added to this 
model, the OR of preterm birth became 1.05 per 10 ug/m 3 , 



but it was less precise because of collinearity (95% CI 
0.99 to 1.11). When we included maternal smoking, 
family situation and BMI at the first antenatal care visit, 
the estimated association between O3 and preterm birth 
did not change: OR 1.04 (95% CI 0.98 to 1.10) per 
10 (ig/m 3 increase. 

The association between O3 level and preterm birth 
became stronger when we excluded elective caesarean 
sections from the dataset (table 1). The OR from the 
unadjusted model was 1.04 (95% CI 1.01 to 1.06) per 
10 (ig/m 3 increase. When we adjusted for maternal age, 
parity, level of education, area of origin, maternal 
asthma, season of conception, conception year, first tri- 
mester NO x level, temperature and relative humidity, the 
OR was 1.11 (95% CI 1.02-1.21) per 10 ug/m 3 increase. 
Including maternal smoking and BMI at the first ante- 
natal care visit yielded an OR of 1.07 (95% CI 0.99 to 
1.15) per 10 (ig/m 3 increase. We also tested to add pre- 
eclampsia as a covariate in the analysis of preterm birth; 
although it was a strong risk factor (OR 2.5) in the 
model, the effect on the association between O3 and 
preterm birth was negligible. 

We observed little or no support for an association 
between first trimester NO x exposure and preterm birth 
(table 1). In the unadjusted model, the OR was 0.99 
(95% CI 0.98 to 1.01) per 10 (tg/m 3 increase. When we 
adjusted for maternal age, parity, level of education, area 
of origin, maternal asthma, season of conception, con- 
ception year, first trimester NO x level, temperature and 
relative humidity, the estimated OR was 1.02 (95% CI 
0.99 to 1.06) per 10 (ig/m 3 increase. 

There was an indication that the association between 
O3 and preterm birth was stronger among mothers suf- 
fering from asthma than among the rest of the popula- 
tion, although the difference was not statistically 
significant (table 2). The ORs from the unadjusted 
model were 1.03 (95% CI 1.01 to 1.05) for the non- 



Table 1 OR for preterm birth per 10 (ig/m 3 increase in the first trimester 0 3 and/or the first trimester NO x levels 





N 


OR 


95% CI 


n* 


OR* 


95% CI* 


0 3 unadjusted model 


120745 


1.03 


1.01 to 1.06 


100812 


1.04 


1.01 to 1.06 


0 3 model 2f 


120251 


1.04 


1.01 to 1.07 


100408 


1.04 


1 .00 to 1 .08 


0 3 model 3$ 


120251 


1.04 


1.01 to 1.08 


100408 


1.09 


1.03 to 1.16 


0 3 model 4§ 


120251 


1.04 


1.01 to 1.08 


100408 


1.07 


1.02 to 1.12 


0 3 model 5H 


115148 


1.05 


0.99 to 1.11 


95817 


1.11 


1.02 to 1.21 


0 3 model 6** 


86983 


1.04 


0.98 to 1.10 


73267 


1.07 


0.99 to 1.15 


NO x unadjusted model 


120745 


0.99 


0.98 to 1 .01 


100812 


0.99 


0.97 to 1 .01 


NO x model 2t 


120251 


1.00 


0.98 to 1 .02 


100408 


1.00 


0.98 to 1 .02 


NO x model 3t 


120251 


1.02 


0.99 to 1 .06 


100408 


1.04 


0.99 to 1.08 


NO x model 4§ 


120251 


1.01 


0.98 to 1 .05 


100408 


1.03 


0.99 to 1.07 


NO x model 5H 


115148 


1.02 


0.99 to 1 .06 


95817 


1.02 


0.97 to 1 .07 


NO x model 6** 


86983 


1.01 


0.97 to 1 .06 


73267 


1.01 


0.96 to 1.07 



'Elective caesarean section deliveries were excluded from the analysis. 

tSingle pollutant model adjusted for maternal age, parity, level of education, area of origin, maternal asthma and season of conception. 
^Single pollutant model adjusted for everything in t and conception year. 
§Multiple pollutant model adjusted for t and 

TjMultiple pollutant model adjusted for f-§, first trimester temperature and first trimester relative humidity. 
"Multiple pollutant model adjusted for f-H, maternal smoking, family situation and BMI at the first antenatal care visit. 
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Table 2 ORs for preterm birth among non-asthmatic and asthmatic mothers per 10 ng/m 3 increase in the first trimester 0 3 
levels 







Group 


DR 

wn 


GEO/ f«| 
33 /O vl 


OR* 


qco/ pi* 

UO to 


0 3 


unadjusted model 


Non-asthmatic 


1.03 


1.01 to 1.05 


1.03 


1 .00 to 1 .05 


0 3 


unadjusted model 


Asthmatic 


1.07 


1.01 to 1.14 


1.09 


1.02 to 1.16 


0 3 


model 2f 


Non-asthmatic 


1.04 


1 .00 to 1 .08 


1.08 


1.02 to 1.15 


0 3 


model 2f 


Asthmatic 


1.08 


1.01 to 1.15 


1.14 


1 .05 to 1 .24 


0 3 


model 3$ 


Non-asthmatic 


1.04 


1 .00 to 1 .08 


1.06 


1.01 to 1.11 


0 3 


model 3$ 


Asthmatic 


1.08 


1.01 to 1.15 


1.12 


1.04 to 1.21 


0 3 


model 4§ 


Non-asthmatic 


1.05 


0.99 to 1.11 


1.11 


1.01 to 1.21 


0 3 


model 4§ 


Asthmatic 


1.08 


1.00 to 1.17 


1.16 


1 .04 to 1 .29 


0 3 


model 5Tl 


Non-asthmatic 


1.04 


0.98 to 1.10 


1.07 


0.99 to 1.15 


0 3 


model 511 


Asthmatic 


1.04 


0.96 to 1.14 


1.09 


0.98 to 1 .20 



'Elective caesarean section excluded from the analysis. 

t Adjusted for maternal age, parity, level of education, area of origin, maternal asthma, conce| 
^Adjusted for t and first trimester NO x . 

§Adjusted for t and % and first trimester temperature and relative humidity. 

^Adjusted for t-§, maternal smoking, family situation and BMI at the first antenatal care visit. 




asthmatic mothers and 1.07 (95% CI 1.01 to 1.14) for 
the asthmatic mothers per 10 ug/m 3 increase. When we 
adjusted for maternal age, parity, level of education, 
region of origin, season of conception, conception year, 
first trimester NO x , temperature and relative humidity, 
the OR was 1.05 (95% CI 0.99 to 1.11) among non- 
asthmatic mothers and 1.08 (95% CI 1.00 to 1.17) 
among asthmatic mothers per 10 ug/m 3 increase in O3. 
Including maternal smoking, family situation and BMI at 
the first antenatal care visit yielded an OR of 1.04 (95% 
CI 0.98 to 1.10) among non-asthmatic mothers and an 
OR of 1.04 (95% CI 0.96 to 1.14) among asthmatic 
mothers per 10 ug/m 3 increase in O3. In addition, 
maternal asthma in itself was associated with an OR of 
1.25 (95% CI 1.13 to 1.38) in the fuUy adjusted model. 

There was no indication of an adverse effect of expos- 
ure to higher levels of O3 during the first trimester with 



regard to the incidence of SGA (table 3). We also 
observed no association between higher first trimester 
NO x levels and SGA. 

Higher first trimester O3 levels were positively asso- 
ciated with pre-eclampsia (table 4). The estimated OR 
was 1.04 (95% CI 1.02 to 1.07) per 10 ug/m 3 increase in 
O3 in the unadjusted model. When we adjusted for 
maternal age, parity, level of education, area of origin, 
maternal asthma, season of conception, conception 
year, first trimester NO x level, temperature and relative 
humidity, the OR became 1.12 (95% CI 1.04 to 1.20) per 
10 ug/m 3 increase in O3. Adjusting for smoking habits, 
family situation and BMI at the first antenatal care visit 
resulted in an OR of 1.08 (95% CI 0.99 to 1.19) per 
10 ug/m 3 increase in O3. There was no suggestion that 
higher levels of first trimester O3 were more strongly asso- 
ciated with pre-eclampsia among mothers with asthma 



Table 3 OR for birth of small for gestational age neonates per 10 ug/m 3 increase in the first trimester 0 3 and/or the first 
trimester NO x 





N 


OR 


95% CI 


n* 


OR* 


95% CI* 


0 3 unadjusted model 


120535 


0.99 


0.97 to 1 .00 


100635 


0.99 


0.97 to 1 .00 


0 3 model 2f 


120042 


0.99 


0.98 to 1 .01 


100232 


0.99 


0.97 to 1.01 


0 3 model 3t 


120042 


0.99 


0.98 to 1 .01 


100232 


0.99 


0.97 to 1 .00 


0 3 model 4§ 


120042 


0.98 


0.97 to 1 .00 


100232 


0.98 


0.96 to 1.00 


0 3 model 5H 


114944 


0.99 


0.95 to 1 .03 


95646 


0.98 


0.94 to 1 .03 


0 3 model 6** 


86825 


0.99 


0.95 to 1 .04 


73132 


0.98 


0.93 to 1 .03 


NO x unadjusted model 


120535 


1.00 


0.99 to 1 .02 


100635 


1.00 


0.98 to 1 .01 


NO x model 2t 


120042 


0.99 


0.98 to 1 .00 


100232 


0.98 


0.97 to 1 .00 


NO x model 3$ 


120042 


0.97 


0.94 to 0.99 


100232 


0.97 


0.94 to 1 .00 


NO x model 4§ 


120042 


0.97 


0.95 to 0.99 


100232 


0.97 


0.95 to 1 .00 


NO x model 5H 


114944 


0.98 


0.95 to 1 .00 


95646 


0.98 


0.95 to 1.01 


NO x model 6** 


86825 


0.98 


0.95 to 1 .00 


73132 


0.98 


0.95 to 1.01 



'Elective caesarean sections were excluded from the analysis. 

tSingle pollutant model adjusted for maternal age, parity, level of education, area of origin, maternal asthma and season of conception 
^Single pollutant model adjusted for everything in t and for conception year. 
§Multiple pollutant model adjusted for t and 

TjMultiple pollutant model adjusted for -j— §, first trimester temperature and first trimester relative humidity. 

"Multiple pollutant model adjusted fort-U maternal smoking, family situation and BMI at the first antenatal care visit. 
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Table 4 ORs for pre-eclampsia per 1 0 |ig/m increase in the first trimester 0 3 and/or the first trimester NO x levels 





M 
IN 


no 
KJri 


QCO/ f*l 

yo /o 


n* 

n 




yo /o isi 


0 3 unadjusted model 


120755 


1.04 


1 .02 to 1 .07 


100819 


1.04 


1 .01 to 1 .07 


0 3 model 2f 


120261 


1.05 


1 .02 to 1 .07 


100415 


1.04 


1.01 to 1.07 


0 3 model 3$ 


120261 


1.05 


1 .02 to 1 .08 


100415 


1.04 


1.01 to 1.07 


0 3 model 4§ 


120261 


1.04 


1 .01 to 1 .08 


100415 


1.03 


1 .00 to 1 .07 


0 3 model 5H 


115158 


1.11 


1 .03 to 1 .20 


95824 


1.15 


1.05 to 1.25 


0 3 model 6** 


86993 


1.08 


0.98 to 1.18 


73278 


1.10 


0.98 to 1 .22 


NO x unadjusted model 


120755 


0.99 


0.97 to 1 .01 


100819 


0.98 


0.96 to 1 .01 


NO x model 2t 


120261 


0.99 


0.97 to 1 .02 


100415 


0.99 


0.96 to 1.01 


NO x model 3$ 


120261 


0.98 


0.94 to 1 .03 


100415 


0.96 


0.92 to 1 .00 


NO x model 4§ 


120261 


0.99 


0.95 to 1 .03 


100415 


0.98 


0.93 to 1 .02 


NO x model 51j 


115158 


1.00 


0.95 to 1 .04 


95824 


1.01 


0.95 to 1 .06 


NO x model 6** 


86993 


1.00 


0.93 to 1 .07 


73278 


0.99 


0.91 to 1.07 



'Elective caesarean sections were excluded from the analysis. 

tSingle pollutant model adjusted for maternal age, parity, level of education, area of origin, maternal asthma and season of conception. 
^Single pollutant model adjusted for everything in fand conception year. 
§Multiple pollutant model adjusted for t and X. 

TIMultiple pollutant model adjusted for f-§, first trimester temperature and first trimester relative humidity. 
"Multiple pollutant model adjusted for 1— U maternal smoking, family situation and BMI at the first antenatal care visit. 



than among those without: OR 1.05 (95% CI 1.02 to 
1.08) for non-asthmatic mothers and 1.01 (95% CI 0.93 
to 1.08) for asthmatic mothers in the unadjusted 
model per 10 u.g/m 3 increase in O3. When we adjusted 
for maternal age, parity, level of education, region of 
origin, which day during the year conception occurred, 
conception year, first trimester NO x level, temperature 
and relative humidity, the OR was 1.12 (95% CI 1.04 to 
1.21) among non-asthmatic mothers and 1.08 (95% CI 
0.97 to 1.19) among asthmatic mothers per 10 ug/m 3 
increase in O3. However, maternal asthma in itself was 
associated with a higher risk of pre-eclampsia, giving an 
OR of 1.10 (95% CI 0.97 to 1.25) in the fully adjusted 
model. There was no evidence of an association between 
first trimester NO x levels and pre-eclampsia. 

The fraction of pre-eclampsia cases attributable to O3 
exposure during the first trimester was estimated to be 
5.5%, when comparing the risk at the average O3 level 
above the 25th percentile with that at the 25th percent- 
ile. This corresponds to 138 out of the 2505 cases and 
90521 deliveries exposed to O3 levels exceeding the 25th 
percentile. For preterm birth, the attributable fraction 
for the first trimester O3 was 5.2%, or 211 of 4061 cases. 
To estimate the attributable fraction, we used the OR 
estimate from our model 3 including all modes of deliv- 
ery, that is, the single pollutant model adjusted for 
maternal age, parity, level of education, area of origin, 
maternal asthma, season and year of conception. The 
attributable fraction would be similar in all other 
models, except according to models 5-6, adjusting for 
meteorology, smoking, family situation and BMI, where 
it would be greater because the ORs were larger. 

DISCUSSION 

The Swedish health data registers at the Swedish 
National Board of Health and Welfare, along with the 



population register at Statistics Sweden, offer unique 
opportunities to conduct scientific studies. Linking the 
different registers makes it possible to adjust the esti- 
mated associations for both medical conditions and 
social factors at an individual level. The Swedish Medical 
Birth Register covers approximately 98% of all pregnan- 
cies in Sweden. 35 The completeness of data varied 
within the Medical Birth Register for this study: data on 
delivery and delivery related issues (ie, birth weight and 
birth date) were almost complete, while data referring 
to antenatal care visits (ie, smoking status, maternal 
weight) were missing for a large number of pregnancies. 

We focused on studying the association between first 
trimester air pollution exposure and adverse pregnancy 
outcomes. Using the average first trimester air pollution 
exposure attenuates any misclassification caused by, for 
example, travelling more than with a shorter time 
window. Our study design makes the detection of an 
association between a variable that varies strongly over 
time — such as the O3 level — and the studied outcome 
quite likely. On the other hand, studying the temporal 
variation of a variable that varies more strongly in space 
than in time — such as the NO x level — is less likely to 
find any associations. Restricting the study to temporal 
variation restricts the possible sources of confounding 
factors to risk factors that might vary over time. However, 
other exposure windows than the first trimester may be 
important for other air pollution effects. 

This study adds additional support to the association 
between first trimester O3 levels and the incidence of 
preterm birth in Stockholm during 1987-1995, when 
only vaginally delivered singleton pregnancies were 
included. 16 The association between higher levels of O3 
and the preterm birth incidence was not sensitive to 
adjustment for any of the additional variables, although 
the estimate changed slighdy when adjusting the model 
for meteorological factors. The association was stronger 
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when elective caesarean sections were excluded; this 
might be because these pregnancies were terminated 
because of pre-existing medical conditions, other com- 
plications during pregnancy or psychosocial factors. 

The actual asthma status of mothers during pregnancy 
was not well described by our variables. Nevertheless, we 
observed a higher susceptibility to the adverse effects of 
O3 exposure among asthmatic women. Asthma is an 
inflammatory disease, and it is known that O3 exposure 
may lead to inflammation and asthma exacerbation. Our 
hypothesis is that inflammation driven by O3 exposure 
leads to augmented respiratory symptoms and systemic 
inflammation in asthmatics, thus causing a larger increase 
in risk of preterm birth among asthmatic mothers. 

There is a discrepancy in the reported association 
between O3 and the incidence of preterm birth. Thus, 
studies from North America and London have reported 
no association, 7-9 14 36 37 but studies from Australia, 
China and Sweden have done so. 13 16 38 Recently, a 
study from Pittsburgh was the first from the USA to 
report an association between the first trimester ozone 
exposure concentrations and the incidence of preterm 
birth. 39 It is difficult to explain these inconsistent results, 
but the relationship between measured concentrations 
and actual exposure might differ because of within-city 
variations and the use of air conditioning. 7 14 No acute 
effect of exposure to O3 has been reported, but there 
might be an effect of late gestation exposure to O3 on 
the incidence of preterm birth. 15 37 38 

A recent WHO report has shown the extent to which 
the rate of preterm birth is on the rise in most countries. 
After pneumonia, it is now the second leading cause of 
death globally for children under five. 40 The report con- 
cluded that the cause of a spontaneous preterm birth is 
often unknown, but it did not discuss increases in 
traffic-related pollution or O3 levels. 

We did not observe any association between higher 
levels of air pollution and SGA, contrary to several other 
studies. This might be because SGA is more strongly asso- 
ciated with vehicle exhaust, which has a strong spatial vari- 
ation, and our study design did not capture this. 
Alternatively, this could be explained by the fact that most 
cases of SGA occur during later stages of gestation and are 
associated more with factors that act late in pregnancy. 

Pre-eclampsia was related to elevated levels of vehicle 
exhaust in a Dutch study. 30 A study from California 
reported an association between both vehicle exhaust 
and O3 and pre-eclampsia. 29 Some indication of an asso- 
ciation between early pregnancy exposure to PM2.5 and 
O3 and pre-eclampsia/gestational hypertension was 
reported in a study from Pittsburgh. 39 The effect esti- 
mate in the present study is similar to these published 
estimates, but because we had almost three times more 
observations, we can obtain a clearer signal. The 
observed association between early gestation exposure to 
elevated O3 levels and pre-eclampsia cannot explain the 
major part of the preterm births associated with air pol- 
lution exposure. 



CONCLUSIONS 

We have shown an association between first trimester O3 
exposure and the incidence of preterm birth. This asso- 
ciation might be more pronounced among pregnant 
women with asthma. In addition, we have showed a posi- 
tive association between first trimester O3 exposure and 
pre-eclampsia. We found no support for the contention 
that air pollution exposure in early gestation affects fetal 
growth. These findings merit further investigation on 
how exposure to air pollution during early gestation 
might affect the placenta and lead to adverse pregnancy 
outcomes. A larger proportion of diesel vehicles in our 
cities is expected to increase both NO2 and O3 levels. 
The health impact may involve less discussed effects as 
adverse pregnancy outcomes. 
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